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NEW PHYSICS
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WHY DO WE CARE ABOUT FLAVOR?

it carries information about the
mechanism of production..
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WHY DO WE CARE ABOUT FLAVOR?

it carries information about the
mechanism of production..

«but also about the way neutrinos
propagate from the sources to the detector

Exotic physics could F?m»du,&@. deviakions
from the standard expectations
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STANDARD COSMIC PROPAGATION
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FLAVOR RATIOS AT SOURCE AND EARTH
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FLAVOR TRIANGLES
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A. C. Vincent, SPR and O. Mena, Phgs. Rev. D94:023009, 2016
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INCOHERENT MIXTURE OF MASS EIGENSTATES

neubrino d&t&vs, Fseudo--‘mraa neubrinos...
or neubrino secreb interactions, Planck-scale decoherence

New physics I New physics

9,;,8sz BF,10,30‘ 0.1 0.9 Std. mixing
NH 0.2 v; flavor cont.

Yet, the flavor triangle

1s not Fu”g covered!

More exktremwe
sCcenarLos are
reqmred!
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M. Bustamante, J. F. Beacom and W. Winter, Phgs. Rev. Lett. 115:161302, 2015
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MORE EXTREME SCENARIOS
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general evolution hamiltonian of new physics
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IF I C. A. Arg[je”es, T. Katori and J. Salvaclc')) Phgs. Rev. Lett. 115:16130%, 2015
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EFFECT OF HIGH-ENERGY CUT
owe v Eae=[60 TeV, 3 PeV]
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SPR, A. C. Vincent and O. Mena, Phgs. Rev. D91:105008, 2015
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EFFECT OF HIGH-ENERGY CUT
sre v, Eag=[60 Tev, 10 PeV]
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SPR, A. C. Vincent and O. Mena, Phgs. Rev. D91:105008, 2015
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EFFECT OF HIGH-ENERGY CUT
e v, Eay 2[00 TeV, 10 PeV]
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IF IC SPR, A. C. Vincent and O. Mena, Phgs. Rev. D91:105008, 2015
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EFFECT OF SPECTRAL BREAK
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SPR, A. C. Vincent and O. Mena, Phgs. Rev. D91:105008, 2015

I€A. Sergio Palomares-Ruiz On the high-energy IceCube neutrinos



L]
-

EFFECT OF SPECTRAL BREAK
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ENERGY DISTRIBUTION OF HESE
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SPR, A. C. Vincent and O. Mena, Phgs. Rev. D91:105008, 2015
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EFFECT OF TRACK MISID
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SPR, A. C. Vincent and O. Mena,
Phys. Rev. D91:105008, 2015
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EFFECT OF TRACK MISID
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SPR, A. C. Vincent and O. Mena, M. G. Aartsen et al.[Icecube Co”aboration],
Phys. Rev. D91:105008, 2015 Phys. Rev. Lett. 1142171102, 2015
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EFFECT OF TRACK MISID

:::[ﬁﬁ Té.\i, 10 ?@.\;] 3-yr IceCube analysis
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SPR, A. C. Vincent and O. Mena, M. G. Aartsen et al.[Icecube Co”aboration],
Phys. Rev. D91:105008, 2015 Phys. Rev. Lett. 1142171102, 2015

Ditferences between the IceCube analgsis and
O.Mena, SPR and A. C. Vincent (PRLI3:09110%, 2014) are mainly due to

extencling the clepositecl energy range to cover tl‘xe Glashow resonance (+ track misiD)
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TWO POWER-LAW SPECTRA

4-YEAR DATA

SOFT SPECTRUM HARD SPECTRUM

. 10 TeV - 10 PeV : : 10 TeV - 10 PeV |
- ——00 TeV - 10 PeV : - —00 TeV - 10 PeV -

3 4 5
h

A. C. Vincent, SPR and O. Mena, Phgs. Rev. D94:023009, 2016
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TWO POWER-LAW SPECTRA

4-YEAR DATA

SOFT SPECTRUM

. 10 TeV - 10 PeV
- ——00 TeV - 10 PeV

Not signiﬁcantlg better than a single Power—-law

HARD SPECTRUM
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A. C. Vincent, SPR and O. Mena, Phgs. Rev. D94:023009, 2016
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TWO POWER-LAW SPECTRA

4-YEAR DATA

SOFT SPECTRUM

Not signiﬁcantlg better than a single Power—-law

HARD SPECTRUM
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A. C. Vincent, SPR and O. Mena, Phgs. Rev. D94:023009, 2016
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EVENT SPECTRA

4-YEAR DATA
SINGLE POWER-LAW FLUX TWO POWER-LAW FLUX

Data ! : a

Total 6P best fit (60 TeV - 10 PeV) : Ra, 2pow best fit (60 TeV - 10 PeV)
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IF IC A. C. Vincent, SPR and O. Mena, Phgs. Rev. D94:025009, 2016
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EVENT SPECTRA

4-YEAR DATA
SINGLE POWER-LAW FLUX TWO POWER-LAW FLUX
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IF IC A. C. Vincent, SPR and O. Mena, Phgs. Rev. D94:025009, 2016
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4-YEAR DATA

sica| Sergio Palomares-Ruiz

EVENT SPECTRA

TWO POWER-LAW FLUX

Data
Total 2pow best fit (60 TeV - 10 PeV)

atm. | 2pow best fit (60 TeV - 10 PeV)
atm. v 2pow best fit (60 TeV - 10 PeV)
astro v 2pow best fit (60 TeV - 10 PeV)
Total IC best fit (60 TeV- 10 PeV)
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Adapteci from: A. C. Vincent, SPR and O. Mena, Phgs. Rev. D94:023009, 2016
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4-YEAR DATA
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EVENT SPECTRA

TWO POWER-LAW FLUX

Data
Total 2pow best fit (60 TeV - 10 PeV)
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EVENT SPECTRA

4-YEAR DATA
POWER-LAW FLUX + DM DECAY TWO POWER-LAW FLUX

IceCube data
Total
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P. Di Bari, P. O. Ludl and SPR, JCAP 1611:044, 2016
IF IC Adapteci from: A. C. VincenissiiRe and O. Mena, Phgs. Rev. D94:023009, 2016
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TWO POWER-LAW FLAVOR

Assuming equal flavor fractions for vu and
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A. C. Vincent, SPR and O. Mena, Phgs. Rev. D94:023009, 2016
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RECENT 6-YR HESE

Two Power~|aw sPectrum isjust a bit better than a single Power~law

S oa n Astrophysical Fluxes At':rﬁ,sn"p':f;;:r"if‘nfﬁ( d;:ced_by self veto in analysis) Astrophysical Fluxes
(on top of atmospheric) (on top of atmospheric)
oo ¢ HESE Differential

ith-averaged) [1.07x Honda2006]
‘ e® ¢ HESE Differential
v, Best Fit HESE 2-Component - Soft (E~37)
mmm HESE 2-Component - Hard (E~23%)

EEE HESE 1-Component (E29) :
v, Best Fit (prior for "Hard")

Neutrino Energy [GeV]

HESE 1-Component Best Fit
v, Best Fit (prior for Hard)

2-Component - Hard (constrained by v, prior)
2-Component - Soft

3.0 3.5

’Yastro

F C C. Kopper [lceCube Collaboration], Pos (ICRC2017) 981
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OTHER INPUTS THAT COULD AFFECT
CURRENT ANALYSES

Using SIBYLL 2.1 and DPMJET 2.55

S. Schonert, T. Gaisser, E. Resconi and
O. Schulz, Phys. Rev. D79:045009, 2009
T. Gaisser, K. Jero, A. Karle, J. Van
Santen, Phgs. REVAAD9I0:025009: 2004
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OTHER INPUTS THAT COULD AFFECT
CURRENT ANALYSES

Using SIBYLL 2.1 and DPMJET 2.55

S. Schonert, T. Gaisser, E. Resconi and

O. Schulz, Phys. Rev. D79:045009, 2009

Segf’veto umeffﬂiﬂﬁﬁf T. Gaisser, K. Jero, A. Karle, J. Van

Santen, Phgs. REVAAD9I0:025009: 2004
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Qi ArgUe”es, SPR, A. Schneider, L. Willie and T. Yuan, in Prel:)aration
IFI & KOPPer, IERC20]7 I % inDedimation)
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OTHER INPUTS THAT COULD AFFECT
CURRENT ANALYSES

Using SIBYLL 2.1 and DPMJET 2.55
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in the Earth
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m‘mosfﬁeﬁc neutring
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DPMJET-ll pr_nue le+05
QGSJET-11-04 pr_nue 1e+05
EPOS-LMC pr_nue 1e+05
SIBYLL2.3 pr_nue le+05
SIBYLLZ2.3c pr_nue 1e+05
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IFI & KOPPer, IERC20]7 I % inDedimation)
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OTHER INPUTS THAT COULD AFFECT
CURRENT ANALYSES

at‘masf&ric muon. 5ac£groun

track mis-1D parameterization

S0 Far Oﬂlg Pf’OViClCCJ as a too |arge normalization as

constant fraction: 50% for HESE compared to observed events

M. G. Aartsen et al.[lcecube Collaboration],
Phys. Rev. Lett. 1142171102, 2015
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atHects energy distributions

SPR, A. Vincent and O. Mena, in Preparation
Deposited EM-Equivalent Energy in Detector (TeV)

IF IC C. Kopper [lceCube Collaboration], PoS (ICRC2017) 98I
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OTHER INPUTS THAT COULD AFFECT
CURRENT ANALYSES

D. Seckel) Phgs. Rev; Lett 80:900, 1998 fo?’ﬂ SM Contngumn«

1. Alikhanov, Phgs. Lett. 741:295, 2015;

SSAORSSSRN |1 /cr. Glashow resonance

resonance

" — o — W+} Qlashow

On.ce

-
E=Vs - m,,

OQN—eNIMF

14 15 16

Log (E /eV)

up to 10% etfect in detection
>10% effect in absorption in the Earth
etfect in the energy and flavor distributions
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CONCLUSIONS

o Flavor triangle Ls important for searches of exotic phystes:
degeneracies with energy spectrum

o Potential issues tn current data (assuming an unbroken power-law):
—> LOW-ENErQY EXCESS...
=> Defieit of electron antineutrinos E>PeVv...

=> Tenston with through-going muown data...

o Other inputs could affect the results:

INSTITUT DE FISICA . Sergio Palomares-Ruiz On the high-energy IceCube neutrinos
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UP/DOWN

Adding through-going muons: harder spectrum from the North ot 1.10
M. G. Aartsen et al.[Icecube Co”aboration], Astrophgs. J. 80998, 2015

UPGOING NEUTRINOS DOWNGOING NEUTRINOS

10 TeV - 10 PeV | 10 TeV - 10 PeV
——060 TeV - 10 PeV - : —060 TeV - 10 PeV |

A. C. Vincent, SPR and O. Mena, Phgs. Rev. D94:023009, 2016
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UP/DOWN

Adding through-going muons: harder spectrum from the North ot 1.10
M. G. Aartsen et al.[Icecube Co”aboration], Astrophgs. J. 80998, 2015

DOWNGOING NEUTRINOS
Asgmmetry not driven bg HESE data

e — SessctmmmesstmmT

10 TeV - 10 PeV | 10 TeV - 10 PeV
——060 TeV - 10 PeV - : —060 TeV - 10 PeV |

A. C. Vincent, SPR and O. Mena, Phgs. Rev. D94:023009, 2016
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NEUTRINO/ANTINEUTRINO

Important with higher statistics
4 AR DAIA H. Nunokawa, B. Panes and R. Z. Funchal, JCAP 1610:0%6, 2016

10 TeV - 10 PeV
60 TeV - 10 PeV

A. C. Vincent, SPR and O. Mena, Phgs. Rev. D94:023009, 2016

sick. Sergio Palomares-Ruiz On the high-energy IceCube neutrinos



NEUTRINO/ANTINEUTRINO

Important with higher statistics
H. Nunokawa, B. Panes and R. Z. Funchal, JCAP 1610:0%6, 2016

10 TeV - 10 PeV
60 TeV - 10 PeV

A. C. Vincent, SPR and O. Mena, Phgs. Rev. D94:023009, 2016

Sergio Palomares-Ruiz On the high-energy IceCube neutrinos



